Abstract. It is demonstrated that a probability loophole exists for Einstein local hidden variables to violate the Clauser, Horne, Shimony, and Holt contrast.
Introduction
Einstein never completely agreed with quantum mechanics. 1 To put it simply: Einstein claimed that the entanglement of particles must be based on additional parameters. These unknown parameters were to restore locality and causality to quantum physics. Subsequently, Bell 2 formalized Einstein's extra parameters into a correlation:
Here, λ ∈ Λ are the hidden parameters with normalized density ρ λ . In the experiment, source S sends entangled particles to distant measurement instruments A and B. Mathematically, A λ ðaÞ and B λ ðbÞ ∈ f−1; 1g represent measurement. The a and b refer to unit setting parameter vectors. For the experiment where two observers, Alice and Bob, provide settings to measurement instruments, Clauser et al. 3 derived an inequality for a quartet of setting pairs: Π CHSH ¼ ½ð1 A ; 4 that the CHSH inequality is violated. Usually, the conclusion is that either Eq. (1) is not implemented in nature or λ ∈ Λ is/are nonlocal. It is a cornerstone of Bell's theorem that it is impossible i.e., PrfjSj > 2jLHVsg ¼ 0 to violate CHSH with Einstein LHVs.
Preliminary Definitions
In this section, the set Λ will be partitioned based upon the measurement functions. Two forms for Eðx; yÞ can be derived. The basic probability here is a toss of a coin.
Partitioning
Let us assume two pairs of settings ða; bÞ ∈ = Π CHSH and ðx; yÞ ∈ Π CHSH as in Ref. 5 . We have three 'Omega' sets.
Let us study Eða; bÞ − Eðx; yÞ. From the definitions in Eq. (2) and taking Eða; bÞ ¼ 0 it follows that:
Eðx; yÞ ¼
From Eða; bÞ ¼ 0 the consistency condition follows also: 
Locality
Let us assume two hidden variables λ 1 and λ 2 . Locality means that the setting of Bob, y applied to B does not influence the result A λ 1 ðxÞ and vice versa. Because of special relativity 4 the λ 1 and λ 2 cannot carry information from A to B or from B to A. 
Alice and Bob tosses a coin and obtain x ∈ f1 A ; 2 A g and y ∈ f1 B ; 2 B g. From locality, we can deduce that the setting at A or B influences a determining interval (I : for A and J : for B). The form of A λ 1 ðxÞ and B λ 2 ðyÞ is based on the intervals.
Subsequently, the measurement functions A λ 1 ðxÞ and B λ 2 ðyÞ are defined by: 
3 Reasoning under Probability In this section, a second coin toss will be employed to determine the α and β in Eqs. (7) and (8). Let us e.g., take head is þ1 and tails is −1. For the second coin: Prfαβ ¼ −1g > 0 and Prfαβ ¼ 1g > 0. The probability of outcome in measurement functions behavior derived from setting will be discussed. 
Cases ðx; yÞ ¼ ð1
(10) the dλ 1 dλ 2 are implicit henceforth. Because of Eqs. (7) and (8), it follows that: 
Probability Loophole
In this section it will be pointed out that the solution of Eq. (12) also applies to the pairs ðx; yÞ ¼ ð2 A ; 1 B Þ and ðx; yÞ ¼ ð2 A ; 2 B Þ with αβ ¼ 1. The consistency condition in Eq. (4) shows that PrfEð2 A ;
In Table 1 a toss of a second and third coin will be related to the U, V equations derived from Eq. (12), with the approximations from the numerical solutions. The first coin is for the setting pair, the second for the α or β the third for the V or U from Table 1 . Suppose Alice tosses first a 1 A . Then with her second coin, index 2 in Table 1 , she tosses a H or α ¼ 1. With her third coin, index 3 in Table 1 and that there is a nonzero probability of obtaining this result with local coin tosses. Hence, we may conclude that coin tosses two and coin tosses three can, with probability nonzero, match tosses one of Alice and Bob in quantum correlation value for all four setting pairs under assumption of Einstein local hidden variables. This implies that, in measurement response probability space, PrfjSj > 2jLHVsg > 0. This rejects Bell's theorem.
Conclusion
It was demonstrated that PrfjSj > 2jLHVsg > 0. The coin has a probability 1∕2 for either heads or tails. There are six coins per correlation. Moreover one has either α ¼ 1 or α ¼ −1. Hence, for one quartet in Π CHSH we have:
If, in a sequence N 1 (e.g., 1 mol photon pairs N A ≈ 6 × 10 23 , meaning roughly 1∕4 mol setting quartets) with settings drawn form Π CHSH , a subsequence N 0 (size 1 4 × 0; 00000095367 × N A ≈ 143051147460937500) has a probability ≠ 0 that LHVs violate the CHSH, this clearly refutes PrfjSj > 2jLHVsg ¼ 0, i.e., Bell's theorem. The conclusion in Ref. 5 reaches a higher value for PrfjSj > 2jLHVsg > 0. The presented gap or loophole is a principal one. Coin tosses are allowed in the experiment and are basic to probability theory. The postulated Ω sets are possible when hidden variables are allowed such as in the CHSH contrast. Finally, arguments for renormalisation of the density ignore that the measurement functions A and B are randomized, while leaving the density of λ unaffected, to arrive at a probabilistic outcome.
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